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Abstract 
The aim of this work was to investigate the convective drying process of malt 
bagasse and to evaluate the influence of this process on the application of this 
residue as adsorbent in methylene blue removel by adsorption process. The 
experimental system for drying was a fixed bed dryer with parallel airflow, 
with operating conditions: air temperature in the range of 40 to 90 oC and air 
veocity of 2 m/s. The adsorption experiments were perfomed with solution of 
methylene blue at 70 ppm concentration. The drying kinetics showed a constant 
drying rate period followed by a falling drying rate. The results obtained for 
the dye removal efficiency were 56% for in natura sample and in the range of 
81.69% to 93.99% for dried samples. 
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1. Introduction 
Nowadays, environmental problems and energy demands have demanded the search for 
energies renewable and clean. The use of biomass is part of the concept of sustainable 
development, besides reducing costs and not harming the environment [1].  Adsorption is a 
unit operation commonly used to separate solid-liquid, and can be efficient and low cost, 
using different adsorbents [2]. Solid residues from the agroindustry, such as sugarcane 
bagasse, coconut mesocarp and wood sawdust, are available in large quantities and can be 
considered as potential adsorbents due to their low cost due to not receiving any previous 
treatment and their physical- chemical properties [3].  
In the process of brewing many solid wastes are generated, such as malt bagasse. Acording 
to Ferrari [4], the malt bagasse is the main byproduct resulting from the fermentation process 
formed by the solid part of the filtration of the fermentation must before boiling. One of the 
applications of the malt bagasse is the use as low-cost biosorbent in the sorption of dyes. 
These residues have limitation related to their high moisture content, which has a negative 
influence on transport, storage and for applications. Thus, the drying of malte bagasse is the 
first step for the biomass preparation. Piffer et al. [5] studied the adsorption of textile dye on 
malt bagasse in order to evaluate the efficiency of the process and Zanette et al.[6] reported 
the adsorption of 5G blue dye using the malt bagasse, verifying the influence of the agitation 
speed in the process. 
The aim of this work was to investigate the convective drying process of malt bagasse and to 
evaluate the influence of this process on the application of this residue as adsorbent in 
removal efficiency of methylene blue by adsorption process. 
2. Materials and Methods 
The raw material was supplied from artisanal beer producers from Bagé, Rio Grande do Sul, 
Brazil, and was packed in plastic bags at -18 °C until analysis. The moisture content was 
determined by the oven method at 105 oC for 24 h.  
Figure 1 illustrates the experimental system used in the drying experiments. The experimental 
system involved a fixed bed dryer. The air flow coming from the blower [a] was monitored 
by psychrometer [b] and was heated by an electrical heater (c). Measurements of air velocity 
were performed by an anemometer [f]. In order to monitor mass of samples during the drying 
experiments a digital balance [e] was used, connected with a tray in the drying chamber. 
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Fig. 1 Experimental system. 
The malt bagasse samples were distributed uniformly as a thin layer onto the stainless steel 
tray of size 12x0.5 cm and dried. The ranges of operating conditions were defined in 
preliminary tests. The inlet air temperature (Tair) were 40, 60, 75 and 90 oC and air velocity 
(vair) was 2 m/s. Drying curves ((M-Me)/(M0-Me) as a function of time) were obtained and the 
equilibrium moisture content was assumed as the final moisture content, when the drying rate 
was practically null, for each drying condition. 
The calibration curve of methylene blue dye was obtained from different concentrations and 
their respective absorbances in UV-VIS spectrophotometer at the wavelength of 664 nm. The 
calibration curve obtained for methylene blue is presented in Equation 1. 
  0,1175                               (1) 
where [MB] corresponds to the concentration of the dye in ppm and abs the absorbance. 
The adsorption process was performed in a batch system. 2 g of the malt bagasse in natura 
and dried were first placed in a Erlenmeyer flask. 50 mL of methyle blue solution at a 
concentration of 70 ppm was added to the flask. The mixture were stirred continuously using 
a shaker at speed of 150 rpm for 60 min in a constant temperature at 25 oC. After adsorption, 
each sample containing the solution and adsorbent was subjected to centrifugation at 3000 
rmp for 10 min. Then, the concentration of methylene blue were measured using UV-VIS 
spectrophotometer. The removal efficiency of methylene blue (% Rem) was determined 
using the Equation 2. 
%   
 

 x 100                            (2) 
where Co is the initial concentration of the dye, Ceq is the final concentration. 
Experimental data were analyzed by Statistica 7.1 software. Mean comparasions were carried 
out by Tukey test (p < 0.05 was considered as significant). 
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3. Results and discussion 
Figure 2 shows the typical drying curves obtained for malt bagasse.  
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Fig. 2 Drying kinetics at different operation conditions. 
 
In all experiments, the drying kinetics showed a constant drying rate period followed by a 
falling drying rate period. As expected, an increase in air temperature also significantly 
increased the drying kinetics and resulted in lower final moisture contents. The moisture 
content for in natura malt was 74.25% ± 0.43 (% w.b.) and after the drying process the results 
were in the range of  2.6 to 6.9%, similar with results showed by Gonçalves et al. [7]. 
According to Lopes et al. [8] the final moisture content of the material is directly related to 
the drying time and temperature. According to Wang and Chen [9] the temperature and 
moisture content of the material play a very important role in the heat and mass transfers 
during the drying. At lower temperatures it was necessary a longer time for the removal of 
water from the material because, according to Vilela and Silva [10], drying requires gradients 
that help as the driving force for the mass flow of water into the air drying. 
Table 1 shows the results to the removal efficiency of the methylene blue dye using malt 
bagasse samples before and after drying. 
 
Table 1. Removal efficiency of methylene blue. 
 in natura Dried samples 
 
 40 °C 60 °C 75 °C 90 °C 
Rem (%) 56.00±0.87a 93.60±0.25b 93.71±0.26b 93.48±0.13b 93.99±0.32b 
Average±deviation (n=3) 
Different letters indicate significant differences between samples (p < 0.05) 
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It can be observed that drying of the adsorbent material favored the adsorption process 
because it allowed the reduction of moisture content of the adsorbent material, and, 
consequently, the increase of the intraparticle porosity and adsorption sites as mentioned by 
Geankoplis [11]  and Arim et al. [12]. There were no significant difference (p<0.05) between 
the removal efficiency using dried samples at differents conditions. Then, the results 
indicated that the adequate drying condition for malt bagasse is at 90 oC, since the drying can 
be faster with lower cost of energy. 
4. Conclusion  
The malt bagasse drying showed a constant drying rate period followed by falling drying rate 
period, wich is typical of materials with high moisture content. The dried malt bagasse 
showed to be efficient in the removal efficiency of methylene blue, with no significant 
difference between samples dried at differents temperatures. The results showed promising 
results, and it was possible to affirm that malt bagasse can be used as adsorbent for adsorption 
of dye, reducing the environmental impact and showing a new application for this residue. 
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